Aims: The European Society of Cardiology (ESC) guideline on cardiovascular risk assessment considers coronary artery calcium a class B indication for risk assessment. We evaluated the degree to which coronary artery calcium can change the recommendation for individuals based on a change in estimated risk.
Introduction
There is considerable debate regarding the optimal approach to select individuals for primary prevention of cardiovascular disease (CVD) using lipid-lowering therapy. Many guidelines recommend the use of a clinical risk assessment tool to select higher risk individuals in whom the benefit is expected to outweigh costs and adverse side effects. 1 The clinical assessment tools recommended by guidelines are based on age, gender, risk factors and lipid profile to select candidates for therapy, including the most recent European Society of Cardiology (ESC) guidelines on cardiovascular risk assessment and the management of dyslipidemia. 2 Additional tests, such as the coronary artery calcium (CAC) score are not routinely recommended.
Recent studies have suggested that the CAC score, measured by a non-contrast cardiac computed tomography scan, may aid in the additional risk stratification of those individuals, mostly through the detection of lower risk individuals who have no detectable calcified plaque in the coronary arteries (i.e. CAC of zero). The use of such testing allows more accurate risk stratification and, in individuals who are considered candidates for lipid-lowering therapy as per the current American College of Cardiology/American Heart Association (ACC/AHA) guidelines, could reduce the population of candidates for therapy by half without affecting the events averted. 3 The ESC guidelines have a more selective approach for the identification of candidates for lipid-lowering therapies than the current US recommendations, 4 and those guidelines have given CAC a IIB recommendation, indicating that more evidence of the benefit of this reclassification is needed, and that it should be used only in selected circumstances.
1,2 Accordingly, we aimed to determine the implications of CAC testing on the ESC lipid-lowering therapy recommendations. We sought to evaluate the effect of CAC testing on the guideline recommendation for lipid-lowering therapy. We also sought to estimate the number needed to treat to reduce one cardiovascular death or coronary heart disease (CHD) based on the expected benefit from statins according to the presence and extent of CAC.
Methods

Study participants
The MESA study has previously been described in detail. 5 The study is a prospective observational cohort of 6814 men and women aged 45-84 years without known CVD at baseline. All participants were enrolled between July 2000 and September 2002 at six centers in the USA (Baltimore; Chicago; Forsyth County, North Carolina; Los Angeles; New York; and St Paul, Minnesota). In the present analysis, we excluded individuals using lipid-lowering therapies at baseline, as well as individuals with missing data on risk factors. The study was approved by each institution's review board and all participants agreed to participate in the study and gave written informed consent.
Risk factor assessment
During the baseline visit, information about cardiovascular risk factors was collected. Total cholesterol and high-density lipoprotein (HDL) cholesterol, and triglyceride measurements were performed at the Collaborative Studies Clinical Laboratory at FairviewUniversity Medical Center (Minneapolis, MN, USA) in blood samples obtained after a 12-hour fast. Diabetes was defined as fasting blood glucose of 7.0 mmol/l or greater, self-reported diabetes or the use of hypoglycemic drugs. Hypertension was defined as untreated diastolic blood pressure of 90 mmHg or greater, systolic blood pressure of 140 mmHg or greater, or the use of antihypertensive medication. Smoking was defined as the current use of cigarettes.
For the 10-year risk assessment, we have calculated the SCORE risk for both the 'high risk' and 'low risk' countries according to the 2016 ESC guidelines on CVD prevention in clinical practice. 2 We performed a goodness-of-fit analysis to define the most appropriate SCORE for the present MESA data. Although the fit of neither model was rejected, the 'low risk' countries' SCORE seemed more appropriate on visual inspection (see Supplementary Figure 1 ). In addition, the 'low risk' SCORE would also be the appropriate SCORE as per the guideline definition for cardiovascular mortality in the USA as well as for the observed mortality in the MESA study.
Using the SCORE, we have derived the treatment recommendation groups as described in the 2016 ESC guidelines for the management of dyslipidemia.
1 These guidelines also provide versions of the equations with HDL-cholesterol as a parameter and versions that are restricted to total cholesterol. In the present analysis the SCORE was calculated with the equation that included HDL-cholesterol. In short, according to the estimated cardiovascular mortality, individuals with a less than 1% cardiovascular mortality in 10 years were classified as low risk, those between 1% and 5% were considered intermediate risk, those from 5% to 10% were considered high risk and those above 10% were classified as having a very high risk. In addition, as proposed by the guidelines, individuals with diabetes or chronic kidney disease, defined by a creatinine clearance less than 60 ml/min/m 2 , were also classified as high risk.
To define lipid-lowering therapy eligibility, we followed the ESC guideline recommendations in which treatment options are classified into three groups: individuals for whom no lipid-lowering therapy is recommended, individuals for whom lipid-lowering therapy should be considered if low-density lipoprotein (LDL) cholesterol remains uncontrolled after lifestyle interventions, and individuals in whom lipid-lowering therapy is recommended upfront. The group allocation is defined by both the baseline LDL-cholesterol levels and risk estimation, as follows:
. 
CAC score measurements
The acquisition and interpretation of coronary calcium score images in MESA have been published elsewhere. 6 Each individual was scanned twice, and the mean Agatston score was used in the analysis. 7 Estimates of radiation dose determined according to the multi-ethnic study of atherosclerosis protocol for a single scan obtained through the heart with the Imatron C150, Volume Zoom, and LightSpeed Pro 16 scanners were as follows: 0.6 and 0.7, 0.9 and 1.1, and 0.9 and 1.1 mSv for men and women, respectively. 8 Participants were informed that they had no CAC, or that it was less than average, average, or greater than average, and that they should discuss the results with their physicians.
Ascertainment of events
Each participant or family member was contacted by telephone to enquire about interim hospital admissions, outpatient diagnoses of CHD and CVD, and deaths every 9-12 months. To adjudicate those events, copies of all medical records for all hospitalizations and outpatient contacts that resulted in new cardiovascular diagnoses as well as death certificates were obtained. Each event was adjudicated by a MESA study committee of cardiologists, physician epidemiologists and neurologists. In the event of disagreement, the full committee made the final classification. MESA was successful in obtaining medical records for approximately 98% of reported hospitalized CHD and CVD events and information on 95% of reported outpatient cardiovascular diagnostic encounters. Follow-up telephone interviews were completed in 92% of living participants.
In the present analysis, CHD events were classified as myocardial infarction, resuscitated cardiac arrest, CHD death or new episodes of angina. The diagnosis of myocardial infarction was based on a combination of symptoms, electrocardiographic findings, and levels of cardiac biomarkers. Hospital records and family interviews were used to determine whether deaths were related to CHD. A death was considered related to CHD if it occurred within 28 days after a myocardial infarction, if the participant had had chest pain within the 72 hours before death or if the participant had a history of CHD and there was no known nonatherosclerotic, non-cardiac cause of death. Angina was graded using prespecified criteria and defined as definite, probable or absent. Probable angina required clearly documented chest pain or angina equivalent. Definite angina was defined by the same criteria, associated with objective evidence of obstructive coronary artery disease or reversible myocardial ischemia. Cardiovascular mortality was defined as any death due to CHD, stroke, other noncoronary atherosclerotic disease or death due to other CVD. A more detailed description of the MESA follow-up methods is available at http://www.mesanhlbi.org.
Statistical analysis
The baseline characteristics of the study participants were analyzed as per the ESC recommendation group. Frequencies and proportions were calculated for categorical variables, and either means with standard deviations or medians with interquartile ranges were calculated for continuous variables. Chi-square tests and one-way analysis of variance were used for comparison of variables between groups. We used Kaplan-Meier estimates of cumulative event-free survival to describe the occurrence of CHD events over time. We also calculated incident rates of events for cardiovascular mortality and for CHD events. To calculate the 10-year risk of events, all events were censored at 10 years to determine if CAC can further stratify risk across lipid-lowering therapy eligibility groups, we have compared cardiovascular mortality and CHD event rates after stratifying by the following CAC score categories: zero, 1-100 and over 100.
A 10-year number needed to treat (NNT 10 ) for statin therapy was estimated for both outcomes, by applying the hazard ratio associated with the expected relative event reduction of 30% with a 1.0 mmol/L reduction in LDL-cholesterol, based on a Cochrane meta-analysis 9 of moderate statin therapy in primary prevention. The NNT 10 was calculated directly as a reciprocal of absolute risk difference at median follow-up of the cohort, based on Kaplan-Meier estimates, and subsequently adjusted to 10 years according to the AltmanAnderson method. 10 Additional sensitivity analysis was performed using alternative 20% and 40% relative risk reductions with the use of statin therapy.
All analysis was performed using Stata 14.0 (StataCorp, College Station, USA)
Results
Study population
Among the 6814 study participants, our study excluded 112 individuals due to missing risk factors, laboratory data or follow-up for any of the main outcomes. In addition, 1100 individuals were excluded due to the use of lipid-lowering medications at baseline. The final study cohort included 5602 individuals.
When applying the 2016 ESC guidelines, 1688 (30.1%) individuals met the criteria for lipid-lowering therapy and 1686 (30.1%) individuals as lipid-lowering therapy should be considered if the LDL-cholesterol levels remained uncontrolled after non-pharmacological lifestyle interventions. Finally, 2228 (39.8%) individuals were categorized as not requiring any lipid-lowering therapy ( Figure 1 ).
Baseline characteristics
The baseline characteristics of our study population were associated with the recommended treatment groups (Table 1) . A more aggressive pharmacological recommendation was more likely to be associated with older age, male sex, a higher prevalence of cardiovascular risk factors, and higher levels of total cholesterol, LDL-cholesterol and triglycerides, as well as lower levels of HDL-cholesterol.
Among the sample included in the present analysis, 2991 (54%) had CAC of zero, 1428 (25%) individuals had a CAC of 1-100 and 1183 (21%) had CAC greater than 100. In the recommended lipid-lowering therapy group 31% of the individuals had CAC of zero, while approximately half of those in whom lipid-lowering therapy should be considered had CAC of zero. One in every four individuals in whom no lipid-lowering therapy would be recommended had CAC greater than zero, but only 6% had CAC greater than 100 (Figure 2 ). These results are also presented as Kaplan-Meier curves in Figure 3 . The absence of CAC was associated with a low rate of cardiovascular mortality in all groups. The presence of any CAC was associated with a higher cardiovascular mortality rate in individuals in whom lipid-lowering therapy was recommended upfront, but only CAC greater than 100 was associated with higher cardiovascular mortality among those in whom no lipid-lowering therapy was recommended (Figure 4 ). The presence of CAC greater than 100 was associated with high event rates irrespective of the treatment group recommendations. In addition, the presence of any CAC was associated with high CHD event rates in individuals in whom lipid-lowering therapy was recommended, whereas the absence of CAC was associated with low event rates in this group ( Figure 5 ). The use of the SCORE for high-risk countries instead of the one for low-risk countries had only a minimal impact on these findings (see Supplementary Table 1) .
Assuming a 30% relative risk reduction associated with statin use, the estimated 10-year number needed to treat to reduce one cardiovascular death (NNT 10 ) in those for whom lipid-lowering therapy would be recommended was 37 for those with any CAC, and 112 for those without CAC. Interestingly, despite the low cardiovascular mortality, the presence of CAC greater than 100 was associated with a low NNT 10 to reduce one CHD event, irrespective of the recommended treatment group. The detailed NNT 10 estimations are presented in Table 2 . The sensitivity analysis for NNT 10 assuming a 20% and a 40% relative risk reduction with statins are provided in Supplementary Table 2.
Discussion
Our study demonstrates that there is marked variability in the presence and severity of coronary atherosclerosis, and consequently cardiovascular death events, among individuals for whom lipid-lowering therapy should be considered or recommended as per the ESC guidelines. The absence of CAC identified lower risk individuals among those who should be considered for treatment according to the guidelines. As the actual risk of such individuals would be lower than the current threshold for treatment, lipid-lowering therapy could be avoided, particularly if there is a strong preference by patients. The potential clinical implications of such a selective approach to treatment could be considerable, as almost one in every two individuals from the group in which lipid-lowering therapy should be considered and one in every three individuals in whom lipid-lowering therapy would have been recommended were reclassified to a lower risk group.
CAC has been shown to provide substantial prognostic value, which is incremental to other clinical risk scores such as the Framingham risk score or the current atherosclerotic cardiovascular disease risk calculator recommended by ACC/AHA. 4, 11, 12 Importantly, the enhanced discrimination and reclassification of CAC is attributable not only to its ability to identify higher risk patients, but also due to the fact that the absence of coronary artery calcification is associated with extremely low rates of events, both in US and European cohorts using those tools, 4, 11, 12 and even in individuals traditionally considered to be at increased risk. 13 The lower risk of incident events in individuals with a CAC of zero has previously been demonstrated across the spectrum of risk stratification and treatment recommendation groups defined by the current US guidelines for cardiovascular risk stratification. 3 Our results expand this previous knowledge by showing similar results with the current ESC guidelines for cardiovascular risk estimation and dyslipidemia management. Among those recommended for primary prevention lipid-lowering therapy, approximately one in every three individuals will have a CAC of zero, and a low enough risk of cardiovascular mortality in a 10-year window that they could be considered part of the lower risk group. A similar finding would occur in about one in every two individuals in whom lipidlowering therapy could be considered, who had a CAC of zero and correspondingly a low cardiovascular mortality in up to 10 years of follow-up. Comparable results for both the ACC/AHA guidelines and the previous version of the ESC guidelines from 2012 have recently been published. 4 In this study, CAC was able to improve risk assessment across the spectrum of lipidlowering therapy recommendations from both the US and European guidelines, although the authors did not perform the analysis using cardiovascular mortality, which is the primary outcome of interest in the ESC guidelines and the SCORE risk assessment tool.
This corroboration of the findings from the US guidelines in the ESC guidelines is of interest, as those two guidelines use widely different strategies for the selection of candidates for lipid-lowering therapy. While the ESC guideline recommendations are based on both the baseline risk of cardiovascular mortality and LDL-cholesterol levels, the US guidelines are mostly based on estimated cardiovascular risk. In addition, while the US guidelines are based on a risk score for the prediction of global atherosclerotic events, including non-fatal events, the ESC guidelines are based on the prediction of cardiovascular mortality only. Although those differences may be perceived as small technical details, not only is the risk prediction model in the US guidelines more aggressive, and results in identifying a much larger segment of the population for consideration of lipid-lowering therapy, 4,14 but it also leads to an overestimation of risk due to miscalibration. 15 As a result, more lower risk individuals are identified as candidates for treatment. As those 10-year cardiovascular mortality (%) individuals are less likely to have any coronary calcification, it would be expected that there would be a much larger proportion of individuals in whom treatment would no longer be required with the use of CAC based on the US guidelines.
Other risk stratification tools have been proposed as alternatives to evaluate the risk of selected individuals further, and some of those tools are recommended by guidelines. The comparison of various markers for additional risk stratification beyond clinical risk scores has been performed previously. Two analyses from the MESA study have already demonstrated that CAC is the best tool for discrimination of events in individuals at intermediate risk, 16 whereas a CAC of zero has been demonstrated to be the best marker to reclassify individuals as low risk, 17 supporting the strategy used in the current analysis.
The SCORE risk prediction tool used in our study was adequately calibrated for the MESA population, as demonstrated in Supplementary Figure 1 . Moreover, the ESC guidelines are more restrictive on the selection of candidates for lipid-lowering medication, leading to a smaller yet higher risk group of individuals who are deemed candidates for lipid-lowering therapies. Interestingly, even in this more selective higher risk population, the absence of CAC still holds a powerful negative predictive value for incident coronary events and cardiovascular mortality. Although the proportion of individuals reclassified to lower risk in the models based on the ESC guidelines was smaller than using the estimates from the US guidelines (31% vs. 41%), the changes in management for individuals clinically considered for lipid-lowering therapy has significant implications at a population level. Our results suggest that the selective use of CAC should be considered as part of the routine evaluation of candidates for lipid-lowering therapy for primary prevention, regardless of whether the US or ESC guidelines are being used. 3 Our results also provide evidence against the routine use of CAC in individuals who are not considered for lipid-lowering therapy. Although a CAC of over 100 could identify individuals with an increased risk of 10-year cardiovascular mortality, the prevalence of such findings was only 6% in this subgroup.
That means only one in every 20 lower risk individuals might be reclassified to the higher risk groups. However, this may provide incremental benefit to selected individuals, such as those with a family history of premature atherosclerotic CVD or those with the metabolic syndrome, although this might not be costeffective for lower risk individuals. 18 Our study must, however, be read within the context of its design. First, the MESA study is a US multiethnic cohort, and the use of a European designed risk score may lead to poorer performance of the risk stratification, although our analysis suggests the SCORE used in the study fitted the data adequately. Second, MESA subjects may not be fully representative of the actual US or European population, as its sample is geographically dispersed, and community based by a not fully representative population. In addition, the results of CAC may also be influenced by other aspects such as high levels of physical activity. 19 Moreover, limited CAC results were reported to each participant, and their physicians might have changed management based on its results, which could have attenuated our results because those with high CAC scores may have been more likely to adhere to better lifestyle habits and pharmacotherapy, and the real estimation of events in individuals with CAC could have been even higher. Also, our number needed to treat calculations are based on fixed estimates across the CAC levels, although this has not been evaluated in any of the statin trials. It is also worth noting that our definition of diabetes did not include the measurement of hemoglobin A1C. This fact might have led to a small underestimation of diabetes prevalence, which could have some impact on the final results. Finally, our results are limited to a 10-year horizon, as most guidelines are. However, lipid-lowering therapy may be beneficial in a longer-term perspective even in lower risk individuals. Thus, the treatment decision should ultimately be a shared decision between physicians and patients.
In conclusion, coronary artery calcium testing may identify lower risk individuals with CAC of zero among one third of the individuals in whom lipid-lowering therapy is recommended and in one in every two individuals in whom lipid-lowering therapy should be considered according to the current ESC guidelines.
Author contribution
MSB, RB, MJB, MJB, RB and KN contributed to the conception or design of the work. MSB, MJB, VS, ASA, MJB, HMK and KN contributed to the acquisition, analysis, or interpretation of data for the work. MSB, MJB, MJB, RSB, KN drafted the manuscript. MSB, RB, MJB, VS, ASA, MJB, HMK and KN critically revised the manuscript. All authors gave final approval and agree to be accountable for all aspects of the work ensuring integrity and accuracy.
